It has always been assumed that the emptying of gastric contents into the duodenum triggers several physiological events including contraction of the gall bladder, which allows bile to be mixed with duodenal contents. The temporal and quantitative relationships between gall bladder emptying and gastric emptying, however, have not been clearly established in man. The normal relationships may be disturbed in disease and may be responsible for some of the undesirable side effects after gastric surgery -for example, bilious vomiting or malabsorption of fat.1-3
Before results of studies in such patients can be understood, it is necessary to investigate normal healthy subjects. The purposes of this study were: (a) to measure gastric emptying and gall bladder emptying in normal subjects after a physiological solid meal using a double isotope non-invasive technique with 9Tcm EHIDA (2,6-diethylphenylcarbamoylmethyliminodiacetic acid) as the biliary tracer and ll3Inm labelled bran as the gastric content tracer, and (b) to relate the emptying pattern of the stomach to that of the gall bladder.
Methods PHANTOM STUDIES
It was first necessary to determine the quantity of the two isotopes to be used and the optimal settings of the gamma camera. A stomach sized phantom, fashioned from Perspex and filled with varying quantities of either 99Tcm or ll3Inm or both, was placed at several depths in a water bath and a series of gamma camera images obtained. These tests gave information about: (a) the required window settings for the gamma camera, (b) the amount of downscatter to be expected from the ll3Inm, and (c) the amount of septal penetration to be expected from the ll3Inm high energy gamma rays to determine a possible correction factor.
From these initial studies it was decided to use 74 MBq (2 mCi) of 99Tcm with a window width of 10% and 9*2 MBq (250 ,Ci) of ll3Inm with a window width of 20%. 342 SUBJECTS Twenty eight healthy adults (21 men and seven women) of mean age 26±1 years (±SEM) volunteered to take part. The Royal Liverpool Hospital Ethical Committee gave approval for the study (January 1982) and informed consent was obtained from each subject.
Twenty two subjects were studied in the following manner. Each subject fasted overnight for at least 12 hours. The study began at 0900 hours and lasted 120 minutes. The subject lay semirecumbent beneath a large field of view gamma camera (Searle LFOV, GD Searle, Unithoorn, Holland) fitted with a medium energy parallel hole collimator. The gamma camera was linked to a computer system (Digital PDP Radiation Dose Committee tables6 resulted in the following doses of radiation: target organ, 2*2 rads; whole body dose, <0.05 rads.
Results

GASTRIC EMPTYING
The mean time taken to eat the meal was 7-5±0*3 minutes. Gastric emptying began 8-3±0-3 minutes after the start of the meal. The t' of gastric emptying was 45±3 minutes (Fig. 2 ).
GALL BLADDER EMPTYING
It was evident from the outset that the subjects could be divided into two distinct groups with respect to the onset of gall bladder emptying. In one group (group A, n=15) the gall bladder began to empty only when a meal was presented. In the other group (group B, n=7) the gall bladder emptied spontaneously before the counts reached a relatively constant value in the gall bladder region of interest. In this group the onset of gall bladder emptying was in advance of, and therefore unrelated to, the meal.
In group A subjects the gall bladder began to empty 1-4±08 minutes after the start of the meal.
Indeed, 15*0±1*6% of gall bladder contents had left the gall bladder before the stomach began to empty. In these subjects the gall bladder emptying pattern could be expressed as a double exponential function and there were two definite subgroups, of 100 In those subjects in whom only presentation of the meal appeared to stimulate gall bladder emptying (group A), the gastric emptying and gall bladder emptying curves were superimposed thus allowing the quantitative and temporal relationship between the two emptying processes to be defined (Fig. 5) . The curve of gall bladder emptying was divided into three phases relative to the gastric emptying curve: phase 1, the time during which gall bladder emptying occurs before gastric emptying begins; phase 2, the emptying of the gall bladder during the first 15 minutes of gastric emptying (when most of the rapid emptying of the first exponential of gall bladder emptying had taken place); phase 3, remaining gall bladder emptying until the end of the study (Fig. 5) .
The mean duration of phase 1 for both subgroups (types I and II) was 6 5±0 7 minutes, during which 15 0±1-6% of gall bladder bile was emptied. During phase 1 -that is, gall bladder emptying before the onset of gastric emptyingsubjects with a type I response emptied 18 6±1 6% of gall bladder contents while subjects with a type II response emptied only 9 6±1 2% of gall bladder contents (p<0002) (Fig. 6 ). During phase 2 -that is, first 15 minutes of gastric emptying -subjects with a type II response emptied from their gall bladder and stomach a similar percentage of gall bladder and gastric contents, whereas in the subjects with a type I response the gall bladder was emptying more rapidly, with the result that more bile left the gall bladder during this time interval than in subjects with a type II response (p<0l001) (Fig. 6 ). Table 2 ). Division into types I and II was on the basis of these two parameters. GBEF (10 minutes) = gall bladder ejection fraction at 10 minutes.
between subjects with a type I or type II response. During phase 2, there was no significant correlation between the emptying rates of the gall bladder and stomach (type I, r=-0-31; type II, r=0-33).
GALL BLADDER FILLING
In those subjects in whom gall bladder emptying occurred in relation to eating (Group A), the mean time for gall bladder activity to reach a plateau was 51.9± 12 minutes. In nine of these subjects the gall bladder filled at a uniformly constant rate (2.5±0.1%/min). In the remaining six subjects the filling of the gall bladder took place in a stepwise manner (Fig. 7) . The 'steps' in the filling curve corresponded to the appearance of the bile tracer in the small intestine. The bile tracer appeared in the small bowel during the gall bladder filling phase only in those subjects with stepwise filling. Moreover, it always corresponded with the 'steps' in the filling curve during which no gall bladder D filling or emptying was occurring. In the nine subjects in whom the gall bladder filled smoothly and uniformly it was observed, first that no 99Tcm
EHIDA was detected in the duodenum until gall bladder emptying had started after the meal, and 3. Fig. 6 Fraction ofcontents ofstomach and gall bladder emptied during the three phases described in Fig. 5 The subjects in this study could be divided into two groups according to whether the gall bladder emptied only in relation to eating (group A) or spontaneously before presentation of the meal (group B).
In the group A subjects during the interdigestive period, the gall bladder filled in one of two ways: (a) uniform or (b) stepwise. In the nine subjects who filled uniformly, the gall bladder partitioning (fraction of the total amount tracer taken up by the liver that enters the gall bladder) and filling rates were similar to those reported by Shaffer.8 In these subjects it would appear that all the hepatic bile entered the gall bladder. In the six subjects who experienced stepwise filling, gall bladder partitioning was reduced because of hepatic bile bypassing the gall bladder. As counts over the gall bladder region of interest did not decrease during the 'steps' of stepwise filling, the tracer which appeared in the duodenum during this period must have been hepatic bile that had not entered the gall bladder. The most important factor controlling gall bladder filling may be the tonic state of the sphincter of Oddi as it is the only valve in the biliary compartment determining the flow of bile. The results suggest that in the six subjects in whom the gall bladder filled in a stepwise manner, the sphincter of Oddi occasionally relaxed allowing the release into the duodenum of hepatic bile that had not been previously stored in the gall bladder.
It is therefore suggested that in the interdigestive period bile may be excreted into the duodenum, either by cyclical relaxation of the sphincter of Oddi without concomitant gall bladder emptying or by gall bladder emptying.
In those subjects in whom the gall bladder emptied in relation to eating (group A), the pattern of gall bladder emptying was consistently double exponential. In this group there appeared to be two subgroups of emptying patterns -that is, rapid, large-volume ejection (type 1) and slow, small-volume ejection (type II). The subjects in both subgroups were well matched for sex, age, height, and weight. Gall bladder filling rates and distribution of uniform and stepwise filling patterns were similar in both subgroups. Reproducibility studies indicated that these patterns were consistent. A prospective study is necessary to prove that there are indeed two subgroups of gall bladder emptying patterns. Double exponential gall bladder emptying has recently also been observed in 22 women by Everson and his colleagues using an ultrasound technique.tt These investigators, however, did not observe a dichotomous distribution of the double exponential gall bladder emptying patterns. The reason for this discrepancy is not entirely clear.
It should be emphasised that there is no readily apparent physiological reason for gall bladder emptying to fit a double exponential function. The biphasic gall bladder emptying pattern could be also described as an initial rapid emptying phase (first exponential) and a slower second emptying phase (second exponential). Because all the isotope has not been excreted by the liver when gall bladder emptying begins, there is the possibility that the gall bladder may refill. This is unlikely during the rapid emptying, first exponential phase. Close inspection of the slower, second exponential phase often reveals some small phasic variation suggesting that some refill does occur, although overall there is net emptying as described by the emptying curve.
As gastric emptying was the same in both subgroups of subjects, in subjects with a type I response there was a greater amount of gall bladder bile emptied into the duodenum, to mix with gastric contents, than in subjects with a type II response.
A consistent finding in those subjects in whom When two isotopes of different energies are used simultaneously a certain fraction of the high energy gamma rays will have their energy degraded such that they will be detected in the low energy window and counted as low energy gamma rays (down-scatter). From phantom studies, the downscatter fraction (in the same region of interest) from the 1 l3Inm into the 99Tcm window was calculated at 15%. From relative counting statistics, the down-scatter from the ll3Inm into the gall bladder regions of interest 99Tcm window was negligible.
In conclusion, we have shown that the initial onset of gall bladder emptying may occur either in relation to eating or spontaneously. When the onset of gall bladder emptying occurs only in relation to eating, the gall bladder starts emptying well before gastric emptying begins and there appear to be two types of emptying patterns; one in which the gall bladder empties faster and ejects more contents than the other. There also appears to be no correlation between gastric emptying and gall bladder emptying rates in these subjects. During the interdigestive period, filling of the gall bladder may be uniform or stepwise depending on whether all hepatic bile enters the gall bladder or not.
This reproducible, non-invasive method for measuring simultaneously gastric emptying and gall bladder emptying may therefore prove useful for studying the relationship between gastric and gall bladder emptying. Concurrent measurement of hormone levels may help to elucidate basic physiological mechanisms. This technique should also be useful for investigating whether gastric operations alter gastric emptying/gall bladder emptying relationships and may be of value in increasing the understanding of the pathophysiology of the symptoms which some patients unfortunately experience after such surgery.
